Chicken egg yolk broth medium containing 10% (vol/vol) phosphate-buffered saline extract of egg yolk instead of horse serum showed better growth-promoting activity for Mycoplasma pneumoniae than did Chanock medium and was effective in promoting the growth of small numbers of M. pneumoniae. Moreover, the phosphate-buffered saline extract of egg yolk proved superior to horse serum in the following respects: (i) it was consistent in growth-promoting activity for M. pneumoniae among different batches; (ii) it could be preserved at 4°C for at least 2 years; (iii) it is inexpensive and easy to obtain; and (iv) it contains large amounts of lipoproteins, cholesterol, and phospholipids.
Among the many mammalian sera, horse serum (HS) is widely used as an excellent cholesterol source in the cultivation of mycoplasmas, but the growth-promoting ability of HS for mycoplasmas often differs considerably among different lots of serum. For diagnosis of Mycoplasma pneumoniae infection, the quality of HS has a direct effect on the isolation of M. pneumoniae, and thus it is important to obtain HS of good quality. In addition, when large quantities of mycoplasmal antigen are to be prepared, the use of HS becomes costly.
Many investigators have tried to find other materials to replace HS in the growth medium for mycoplasmas (8, 10, 11, 24, 26) . Among the many substitutes tried, chicken egg yolks have been found by Hayatsu (8) , Jensen et al. (10) , and Tamura et al. (24) to be one of the most suitable. They have used egg yolks extracted with organic solvents or with distilled water for cultivation of mycoplasmas.
Considering the instability of lipoproteins in egg yolks, which are the natural cholesterol source for the growth of mycoplasmas in vitro (16) , it may be undesirable to denature the lipoproteins with organic solvents. Although native lipoproteins are not always necessary to sustain the growth of mycoplasmas (4, 25) , it is difficult to dissolve the lipid components separated from the lipoproteins with organic solvents in the medium, and these components are not as effective in promoting the growth of mycoplasmas as is HS (8, 10) . Although the growthpromoting ability of the water extract of egg yolks is comparable to that of HS (8, 24) , the extract is unstable and increases in turbidity during long periods of storage.
In the present study, we investigated the efficacy of the supernatant of a chicken egg yolk suspension in phosphate-buffered saline (referred to as EY) for cultivation of M. pneumoniae by comparing EY-containing medium with the standard medium reported by Chanock et al. (2) , which contains HS. We found that EY was stable over a long period and that its growthpromoting ability was superior to that of HS. MATERIALS (Fig. 1 ). There were no distinct differ ences in the log CFU on the plates supplemented with 5% (vol/vol) or more EY or HS. The colony diameters for strain FH were markedly increased by the addition of yeast extract to the medium containing HS, but the colony diameters for neither strain were increased by the addition of yeast extract to the medium containing EY.
Growth of M. pneumoniae in broth media. The growth curves of M. pneumoniae in each of the test broth media are presented in Fig. 2 the most rapid growth in EY medium. In Chanock medium and HS medium, the CFU on the first day after inoculation decreased sharply below the number of CFU in the inoculum. Consequently, the time until maximum growth in these media was longer than that in EY medium. In EYY medium, strain FH showed good growth, whereas the growth of strain Mac was poor.
Relationship between inoculum size and the growth of M. pneumonuze. Growth of the FH and Mac strains in the four test broth media was determined by the pH changes in the medium (Fig. 3) . At each inoculum size, both strains showed a more rapid growth in EY medium than in any other medium, as shown by an earlier pH change. EY medium was especially effective in promoting the growth of small numbers of M. pneumoniae organisms. In addition, EY medium always showed higher growth-promoting activity for both strains than did EYY medium.
When the chanock medium and HS medium were inoculated with concentrations of organisms of about 40 to 60 CFU/ml or lower, no changes in pH could be observed during the 2-week incubation period, but in EY medium, both FH and Mac strains grew even when inoculated at 4 and 6 CFU/ml, respectively.
Protein and lipid content of EY and HS. Table  1 shows the protein, phospholipid, and cholesterol content of EY and HS. EY was characterized by high quantities of free cholesterol and phospholipids, which were about eight times higher than those in HS. In contrast, the amounts of protein and esterified cholesterol in EY were about one-fourth and one-half of those in HS, respectively.
Effect of each lipoproteins fraction of EY on the growth of M. pneumoniae. Figure 4 shows When cholesterol was supplied at that minimal amount or more to the basal medium by the EY lipoprotein fractions, there were no significant differences in the growth of M. pneumoniae on the agar media containing the different fractions (Fig. 5) . DISCUSSION M. pneumoniae showed better growth in EY broth medium than in Chanock broth medium. EY medium was especially effective in promoting the growth of small numbers of M. pneumoniae. In addition, the growth-promoting activity of EY for M. pneumoniae was consistent among different EY batches (data not shown). One of the reasons for the good growth-promoting activity of EY medium for M. pneumoniae may be the absence of toxic substances in EY. Generally, M. pneumoniae is sensitive to HS, and its growth is often markedly affected by HS. As shown in Fig. 2 , in Chanock medium, the CFU after incubation for 1 day decreased from that of the inoculum, which may be due to the presence of toxic substances in HS (9, 23) . In our experience, the degree of inhibitory effect of HS on the growth of M. pneumoniae differed considerably among different lots of HS, and the inhibitory effect was decreased to a great extent by heating the serum at 55°C for 30 min. Therefore, the toxic substance in HS may be proteinaceous. Another possible explanation for the good growth-promoting activity of EY medium for M. pneumoniae is the high content of lipoproteins rich in cholesterol and phospholipids. It is well known that serum lipoproteins are the natural cholesterol source for animal mycoplasmas in vitro and in vivo and that the growing cells of mycoplasmal species take up significant quantities of exogenous cholesterol and phospholipids into their plasma membrane from the medium (5, 16, 17) .
HS is much richer in esterified cholesterol than in free cholesterol; in contrast, EY contained much more of the latter, about eight times that of HS. Razin and co-workers (16, 17, 21) reported that mycoplasmal organisms incorporate more free cholesterol than esterified cholesterol into their plasma membranes during growth in a serum-containing medium. Therefore, a high content of phospholipids and free cholesterol in EY may be favorable for the growth of M.
pneumoniae.
Most of the lipoproteins in mammalian sera belong to the high-density lipoprotein class (18, 26, 27) , whereas those in EY belong to the lowdensity lipoprotein class. Smith et al. (22) HS, the effect of yeast extract on the growth of M. pneumoniae was not clear. It is well known that the quantitative relationship between the inoculum concentrations of M. pneumoniae and the number of colonies formed on the agar media without addition of yeast extract is poor. These results suggested that yeast extract plays an important role in agar media rather than in liquid media for growth of M. pneumoniae.
In harvesting the organisms by centrifugation, it is necessary to give sufficient attention to pH changes in EY medium: the growth of M. pneumoniae in EY medium caused a rapid drop in pH, and a large amount of deposit resulting from EY was coprecipitated with the organisms collected from the culture at pH values below 5.5. When the culture was centrifuged before the death phase, we were able to collect the organisms with minimum contamination with these deposits. On the other hand, the early and rapid decrease in the pH value makes EY medium a favorable medium for the metabolic inhibition test, because a clear-cut endpoint was obtained early (manuscript in preparation).
Although 
